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Abstract - In this paper a description is given of a method developed for the purpose of removing sur- 
face layers from plated materials. The principle of separation is based on the difference in vapour 
pressures and stabilities with the formation of metal chlorides. A series of pyrolytic experiments was car- 
ried out with different combinations of electroplated materials in an atmosphere of gaseous HCI. The 
HCI was produced by pyrolyzing scrap polyvinyl chloride. Specimens of tinplated copperwire and 
steelplate, galvanised steel and chromed copper, were treated in this way with the result that most of the 
tin, zinc and chromium were preferentially removed, leaving the steel and copper almost unattacked. 
INTRODUCTION 
Many steel products are plated by various techniques with metals such as Cu, Ni, Zn, Cd or Sn, 
to improve the corrosion, wear resistance or appearance of the product. Not only iron and steel 
are plated with other metals. Copper, for instance, is often covered with tin when used in cables 
or with silver when used in electrical contacts. Techniques for plating are very well developed. 
However, less effort has been given, so far, to the development of techniques for removing 
the layers after the plated materials have fulfilled their functions. 
The presence of metals such as copper and tin is undesirable in steel scrap; also the presence 
of tin in scrap considerably reduces the high value of pure copper scrap for electrical applica- 
tions. 
In this paper, a description is given of a method developed for the purpose of removing sur- 
face layers. This method is based on differences in vapour pressures of metalchlorides. Use can 
be made of pyrolysis of scrap of chlorinated hydrocarbons, such as PVC, suggesting the 
possibility of a closed loop arrangement, eliminating pollution. 
EXPERIMENTAL 
Experiments were carried out in a simple quartz tube, which was placed in a tube furnace. 
Heat treatments were performed at atmospheric pressure with time and temperature as process 
variables. Specimens of tin-plated copper and steel and of zinc-coated steel were treated with 
the gas from pyrolysed PVC. Air was prevented from entering the tube; after every new charge 
the air-oxygen was expelled with nitrogen. 
For the specimens of tin-plated steel, electrolytic tin-plate was used both with and without 
soldered seams. Also, tin-plate specimens were used in which all the tin had gone into solid solu- 
tion: part of this tin-plate had been produced in the laboratory, part came from the municipal 
refuse incinerator of Amsterdam. 
For the zinc-plated steel, electrolytic galvanized sheet was used. 
*This paper was presented at the First World Recycling Congress, Basle, Switzerland, 6 - 9 March 1978. 
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Table. 1. Most favourable separation conditions 
Material Contents before 
separation 
Contents 
after 
separation 
Medium Time and max 
temperature 
or treatment 
Losses 
Galvanised 
steel 
Zn: 0.5% 
Tinned Sn: 0.36% 
copper-cables 
(a) Clean tin-plate Sri: 0.9% 
without seams 
(b) Clean tin-plate Sn: 1.54% 
with soldered Pb: 1.52% 
body-seam 
(c) Tin-plate from Sn: 0.49% 
incinerator 
without seams 
(d) idem with body- Sn: 0.63% 
seam (soldered) Pb: 4.28% 
(e) Idem with top Sn: 0.31% 
and bottom seams 
(f) Heat-treated tin- Sn: 0.8% 
plate (inert 850°C 
15 min) 
Chromed copper Cr: 1.4% 
Zn: 0.002% 
Sn: 0.02% 
Sn: 0.02% 
Sn: 0.02% 
Pb: 0.1% 
Sn: 0.006 - 
0.044% 
Sn: 0.033Yo 
Pb: 0.055% 
Sn: 0.041% 
Sn: 0.08% 
Cr: 0.05% 
Pure PVC 
PVC (loosened) 
from original cover 
Pure PVC 
Pure PVC 
Pure PVC 
Pure PVC 
Pure PVC 
Pure PVC 
Pure PVC + 
gaseous HCl 
15 min 550°C 
15 min 450°C 
10 min 550°C 
10 min 700°C 
5 min 750°C Iron: 
15 min 800°C ca. 3% 
15 min 800°C 
15 min 8OO“C 
15 min 700°C 
10 min 900°C 
Iron loss 
ca, 0.2% 
Copper: 
NIL 
Iron: 
ca, 0.3% 
Iron: 
ca, 5% 
ca. 4.5% 
Iron: 
ca. 3.5% 
Iron: 
ca. 5% 
Iron: 
ca. 5% 
Copper: 
1.5-2% 
RESULTS 
The most favourable separation conditions so far obtained are given in Table 1. These data 
are not yet the optimal results possible. 
DISCUSSION 
This method to remove surface layers from plated materials is based on the difference in 
vapour pressures of metal chlorides, formed by gaseous HCl released by the pyrolysis of PVC. 
The major components resulting from the pyrolysis of PVC are HCl, benzene, toluene and 
naphthalene. In addition to these major products an homologous series of hydrocarbons is 
formed. 
PVC is normally stabilized against degradation by the incorporation of organotin or lead 
components giving metal contents as high as 1% Sn or 4% Pb. 
In Fig. 1, the vapour pressures of chlorides of some relevant metals are given. In Fig. 2[2], the 
standard free energies of formation of the metal chlorides are plotted as functions of the 
temperature. 
Tin-plate 
From Fig. 2, it is seen that by treatment of tin with HCl (g) the chloride SnCl, will not be 
formed directly. Although FeCl, is not included in this diagram, the same applies for this 
chloride. 
Further, it can be seen that up to about 67O”C, FeCl, has about the same stability as SnCh so 
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Fig. 1. 
Tempemture. ‘C 
Fig. 2. Standard free energies of formation for metal chlorides. 
120 G. DAPPER, W. SLOTERDIJK and C. A. VERBRAAK 
that it is hardly to be expected that Fe will reduce the Sn from the SnCl,. Moreover, as can be 
concluded from Fig. 1, the vapour pressure of FeCl, is practically zero whereas the vapour 
pressure of SnCl, is equal to atmospheric pressure at this temperature of 670°C. 
Above about 67O”C, SnCl, is more stable than FeCl,. 
When we apply these data to tin-plate, we may expect that, for detinning purposes, the 
temperatures of treatment with HCl (g) must not exceed 670°C in order to prevent excessive 
iron losses after the tin has been removed as the volatile SnCl,. 
However, in tin-plate that has gone through a refuse incinerator almost all tin still present on 
the cans will have diffused into the iron base (1). For removal of this tin, higher temperatures 
are necessary to facilitate diffusion of tin to the surface for the reaction with gaseous HCl. At a 
temperature of about 8OO”C, the vapour pressure of FeCl, is only 30 mm Hg. However, some 
iron losses cannot be prevented at these temperatures, especially when most of the tin has disap- 
peared. 
Tinned copper cables 
From Fig. 2, it is seen that at above average temperatures of about 400°C no Cu2Cl, will be 
formed by treatment of Cu with HCl. Presence of tin even suppresses the formation of Cu2Cla. 
No volatile Cu$l, will be formed at temperatures below about 420°C. 
Most of the cables currently used are covered with polyvinylchloride, vulcanized polyethene, 
butylpolychloroprene, etc. 
Decomposition of the PVC takes place at rather low temperatures. The rate of decomposi- 
tion of the vulcanized polyethene is only sufficient at temperatures above about 550°C. For that 
reason, detinning of copper cables can take place only at temperatures above about 550°C pro- 
vided that sufficient HCl is present. Besides copper and tin, the covers of cables often contain 
iron, lead or aluminium. Presence of these metals does not prevent formation of the volatile 
SnCI, . 
Galvanised steel 
Up to a temperature of about 19OO”C, ZnCl? is more stable than FeCl,. Moreover ZnCh is 
more volatile than Fe& Up to temperatures of about 67O”C, the vapour pressure of FeCl, is 
almost zero. Formation of FeCh will be suppressed as long as metallic zinc is present. 
Other combinations 
Removal of metals from other combinations, such as chromium on copper or steel, will also 
be possible. The pyrolysis process can in principle be used for reclamation of lead from lead 
batteries, residues of shredded cars, obsolete electronic equipment, sheet material covered with 
organics, contaminated tin-plate as separated from household garbage, etc. Since it is even 
possible to remove tin in the alloyed state from iron, it must be possible to remove tin from fine 
waste particles of bronze and zinc from brass. 
Chlorination processes can, further, be used for metal refining such as for removal of lead 
from tin and bismuth, zinc from tin, sodium from lead - tin alloys, demagging of aluminium, 
etc.[3, 41. Chlorination processes may also permit reclamation of metals from their oxidised 
state, as present in fly ash and incinerator ashes; especially, in the case of contaminated tin- 
plate from incinerators, the SnOz as present in the oxides adhering to the cans can be removed 
simultaneously with the detinning of the cans. 
For some processes in the electroplating industry, chlorination processes can be used giving 
possibilities for reclamation of the metals involved and preventing pollution. 
Not only chlorine-containing scrap is suitable for the purpose of separation and refining; 
other halogen-containing scrap can also be used. 
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The gases developed by the pyrolysis process contain volatile chlorides, hydrogen, hydrogen 
chloride and volatile hydrocarbons. To prevent air pollution and to reclaim the metals from 
their chlorides, after-treatment of the gases is necessary. The volatile hydrocarbons in the 
pyrolysis gases have a high calorific value so that after cleaning they can be used as a fuel for the 
pyrolysis process. 
CONCLUSIONS 
The presence of contaminants such as electroplated layers on iron and steel causes a general 
deterioration in the quality of ferrous scrap. Processes previously used for the reclamation of, 
for example, copper from cables and lead from batteries are not optimized with respect to 
quality and efficiency and cause heavy pollution. 
The results obtained in this investigation show that pyrolysis processes producing gaseous 
HCI or other hydrogen halogenides offer possibilities for the separation and refining of a large 
variety of different metal combinations, even in partly or totally oxidized states. Also, in- 
cinerated tin cans, in which all tin still present has gone into solid solution, can be detinned 
almost completely; even the tin present in the seams can be removed to a very high degree. 
Use can be made of chlorine-containing scrap, thus solving another refuse problem and in 
closed loop arrangements so that pollution can be prevented and 
More experiments have to be carried out on pilotplant 
technological conditions. 
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